progressing curve on follow up suggests the presence of an underlying abnormality such as a syringomyelia.
Therefore, the place of radiology in scoliosis management is superficially straightforward; it is to confirm the diagnosis, identify any underlying cause, and monitor the degree of curvature.
Plain radiography
Plain radiography has three roles. First, it will confirm the diagnosis and occasionally suggest aetiology, such as a hemivertebra. Second, the subsequent monitoring of the child depends largely upon the plain film. This is because evaluation of the severity of the scoliosis, and particularly the degree of progression over time, cannot be assessed accurately using clinical methods alone. Third, the plain film provides a method of assessing skeletal maturity.
In practical terms, this means that most children with a scoliosis require regular review combined with radiographic assessment and measurement of the angle of curvature (Cobb angle). The degree of vertebral rotation, part of the three dimensional concept, can also be measured reliably to within ± 5°using a torsion (Pedriolle) meter. 3 Close monitoring of the scoliosis is required when the greatest growth of the spine occurs, around puberty and early adolescence. Lateral bending films remain an eYcient, quick, and dynamic method of assessing the postural nature of any secondary compensatory curves, but are usually limited to the preoperative assessment. There are obvious concerns that repeated radiographs result in an excessive radiation burden, especially to the developing breast tissue in girls. Nash et al estimated that 22 radiographic examinations are performed in the course of scoliosis management. 4 When properly performed, postero-anterior views of the whole spine using rare earth screens, a method of increasing the sensitivity of plain x rays, can minimise the radiation dose involved. 5 Using this technique, it has been estimated that the increased relative risk of breast carcinogenesis in young women receiving routine scoliosis radiography is 0.22%. This equates to the induction of two breast cancers each year for each million patients receiving serial diagnostic scoliosis radiography. 6 Now that digital (electronic) radiography is becoming more readily available there is the potential to reduce the radiation dose further. 7 Digital radiography reduces the number of repeat films and also permits the use of image manipulation techniques, such as edge enhancement, which aid film interpretation. This produces better definition of the vertebral endplates, essential for measuring the Cobb angle accurately. The interpretation of digital images, however, requires a period of familiarisation both by clinicians and radiologists.
Skeletal maturity is an important factor in determining the likelihood of curvature progression and this is usually measured by the ossification of the iliac apophysis (Risser sign), a feature that can usually be seen adequately on plain radiographs. Increasing degrees of ossification result in decreasing likelihood of curvature progression. 
Magnetic resonance imaging
Magnetic resonance imaging (MRI) has had a revolutionary impact on imaging the neural axis. Its ability to produce detailed images with excellent tissue contrast in any plane, without the use of ionising radiation, make it an attractive method of assessing the scoliotic spine. Unfortunately, the nature of scoliosis, with different areas of the spine moving in and out of the plane of imaging, means that interpretation might be diYcult. In addition, the examination is time consuming and once surgery has been performed the presence of metalwork can make further studies with MRI suboptimal, primarily because of the magnetic susceptibility artefacts that are generated from the internal fixation. Young children require sedation and occasionally general anaesthesia with MRI compatible equipment. Despite this, MRI is advocated as the primary imaging modality in the assessment of scoliosis after plain radiography, 8 particularly in the infantile and juvenile forms, where the incidence of spinal cord abnormalities is higher. 9 10 MRI is especially good at identifying hydromyelia, syringomyelia, intramedullary tumours, and dysraphic abnormalities such as tethered cords, diastematomyelia, or lipomas. In this respect, MRI has replaced CT and computed myelography. The importance of careful clinical examination cannot be underestimated. Subtle findings should be thoroughly investigated with MRI and some authors consider atypical curves as positive neurological findings. 11 The role of MRI in adolescent scoliosis is less clear cut. Those with atypical curves (for example, left thoracic) or abnormal neurological findings will benefit from MRI. 12 13 However, most of the children seen with scoliosis will have the idiopathic adolescent type. The typical patient (90% girls) will have a normal physical and neurological examination (including abdominal reflexes) and a right thoracic or thoracolumbar or double major curve. Some authors have reported a relatively high incidence (8-15%) of abnormal MRI studies in presumed adolescent idiopathic scoliosis. 12 14 Others have found few or no abnormalities Key messages + Careful clinical evaluation, including a full physical and neurological examination, is essential + Subtle signs should not be ignored + The most common form is seen in girls over 10 years, is idiopathic, thoracic, or thoraco-lumbar and convex to the right, with normal physical and neurological examination + Plain radiography remains the primary imaging modality for the initial diagnosis and follow up to assess curve progression + Any child not conforming to the typical form of scoliosis, either by age criteria, history, or clinical examination requires further investigations with magnetic resonance imaging (MRI) + Ideally, any child in whom surgery is contemplated should have MRI + The spine should be imaged from the craniocervical junction to the sacrum Painful scoliosis + A painful scoliosis always requires thorough investigation + A bone scan is often helpful in young children who cannot adequately localise the pain + Targeted cross sectional imaging should be performed if a focal abnormality is identified Congenital abnormalities + MRI should be performed to assess dysraphism and other congenital abnormalities + Congenital bony abnormalities of the spine, such as hemivertebrae and butterfly vertebrae, might benefit from localised computed tomography to define bony detail (0-4.2%), and have questioned the need for MRI if the child has a normal neurological examination, as long as a high index of suspicion is maintained. 15 16 The main abnormality looked for is syringomyelia. This is because there is an increased risk of an untreated syringomyelia contributing to iatrogenic paraplegia after surgery, although its incidence is unknown. 17 Once a decision has been reached to correct a scoliosis surgically, some centres now routinely perform MRI preoperatively. Images should be obtained of the whole spine and, in particular, should include the craniocervical junction. Reconstruction of images can be used to "straighten" the spine to make viewing easier, although acquiring data in a suitable fashion for reconstruction might be unduly time consuming. Experienced radiologists can often negotiate the curves within their own three dimensional mind set! It is a common misconception that scoliosis is simply a lateral deviation of the spine. Rotation of the vertebral bodies involved also plays a crucial role. Not only are the vertebrae rotated with respect to each other (axial intervertebral rotation), but there is also a degree of intrinsic rotation (axial intravertebral rotation or mechanical torsion). This can be measured accurately by CT, 18 although this obviously exposes the child to further radiation. More recently, three dimensional MRI has been used to assess the relative degrees that the intravertebral and intervertebral components contribute to idiopathic scoliosis. 19 It has been suggested that in those patients in whom a large proportion of the scoliosis is the result of intravertebral rotation (up to half of those in the small group studied), the results of standard derotational spinal surgery will be suboptimal. Therefore, it appears that MRI has an expanding role in identifying that subgroup of patients with idiopathic scoliosis in whom derotational surgery will be of little benefit.
Computed tomography
Children with underlying congenital skeletal malformations and segmentation abnormalities, such as butterfly or hemivertebra, or diastematomyelia, require a slightly diVerent imaging approach. MRI will provide excellent detail about the nature of the spinal canal and cord, but detail of the bony anatomy can be evaluated further with localised CT and three dimensional reconstructed images through the area of interest. However, in practice, this is not often required because plain radiography suYces.
There is a role for CT in the postoperative patient who cannot be imaged appropriately in the MRI environment. Localised CT and occasionally CT myelography might help in identifying postoperative complications, such as radiculopathy related to screw malplacement or migration. Considerable artefact is common because of the metalwork present but, nonetheless, images might be interpretable.
Nuclear medicine
Nuclear medicine has a limited role in the routine evaluation of scoliosis. The isotope bone scan ( 99m Tc-methylene diphosphonate) can be used in the initial evaluation of a child to localise focal bony abnormalities, such as infection or neoplasia, but is more often used in the postoperative spine to identify complications. Abnormal sites of activity in suspected postoperative infection should be viewed with caution, and require further imaging, possibly with labelled white cell scanning to diVerentiate normal postoperative bone activity from infection. This is important because infection related to surgery might ultimately necessitate removal of the fixation device.
Conclusion
The appropriate management of scoliosis relies on the vigilance of clinicians: first to identify the presence of a scoliosis, and secondly to ensure an appropriate clinical examination is performed to identify those children who require a more vigorous imaging strategy. Plain radiography remains the initial imaging modality of choice followed by MRI in most cases. MRI in particular has advanced the three dimensional understanding of the scoliotic spine and enabled underlying abnormalities to be identified with more certainty and clarity.
